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Building Analysis and Modeling at UMC

David Park, ph.n, PE, CEM, BEMP
BUILDING ANALYSIS & MODELING MANAGER

David couples analysis with energy audits to identify energy
efficiency measures (EEMs) that are cost effective for owners’
business goals. Driven to make a significant impact towards
carbon reduction and sustainability, David enjoys studying and
analyzing how building energy reduces utility and operational

costs, making it a great investment for the future.

Hailee Hammerquist, LEED Green Associate
BUILDING ANALYSIS & MODELING ENGINEER

Hailee is detail oriented, organized, and passionate about
sustainable design. She loves tackling the complexity of our
projects to ensure all the pieces fit efficiently together inside
high-performing exteriors. Coming from West Virginia, Hailee is

excited to experience all the outdoor adventures that the Seattle

area has to offer. @ ume



OBJECTIVES ©

KNOWLEDGE TIMELINESS

Why is our building so important? Whatis a “Model”?

)

FORESIGHT COLLABORATIVE
How can we design and build How can we understand our
sustainable learning schools and buildings better?

environments?



Why are Buildings so Important?

9 O 0/0 40 o/o of energy consumption...

of time is spent indoors

14,600 million ton of CO, emission

Carbon sequestered by 241,412 million
tree seedlings grown for 10 years

We spend 90% IAQ can be worse And has real
of our time indoors. than we think.

But better IAQ

consequences. improves productivity.

Over 21 of our 24 hours! *Concentrations of many U.S. indirect costs, Remaoving volatile organic
VOCs* are consistently including missed work compounds and enhancing

higher indoors and lost productivity: ventilation improved problem

(up to ten times higher) ) solving in an office setting:
than outdoors” R

$5 billion 288%
-EPA e higher strategy scores
Allergic rhinitis
(i.e. hay fever): i 2995?
*volatile orgonic compounds #9.7 billion better information usage




Adequate learning environment

RASHES AND SKIN IRR
NASAL GONGESTION
HEADACHE = FATIGUE SHORTNESS OF BREATH
© DIZZINESS AND NAUSEA COUGHING AND SNEEZING
 INABILITY TO CONCENTRATE » ITCHY, WATERY EYES
 HYPERAGTIVITY NOSE AND THROAT IRRITATION
© SHORT-TERM MEMORY LOSS * ASTHMA




1. Stricter Targets Energy Code

Incr | Impr Compared to Targets

oo BUILDING

80% ELECTRIFICATION

Possible Complications

(—

40% 9995

Reduction in Energy use (2006 Base)
w
g

= 2006 2009 2012 2015 2018 2021 2024 2027 2030
Stricter

Targets 2. Clean Buildings Standard
Energy

=
COMPLIANCE DATE BY BUILDING SF

220,000 SF+

90,000 SF+
20,000 SF—

2026
2027 | JuLY1 i
© 2027
)
()

*Buildings 20,000 SF — 50,000 SF must now submit their EUI per Energy Star Portfolio Manager along with their
Energy Management Plan, Operation & Maintenance Program, and Capital Management Plan by July 1, 2027

Clean
Buildings
Standard

Mandatory
Compliance
Dates

A

3. Seattle Building Emissions Performance Standard

Seattle
Building

Timing: Set emission targets now, so owners
have time to plan and implement projects.

Emissions : S

e e Commercial >50K
Performance 100% Clean Buildings
2023 2023 - 2026 2027 - 2030 2031-2035 | 2036-2040
Standard I I I ? T
Emissions Targets s
Nonresidential S ia
Low-income




1°T LAW of Thermodynamics

The First Law of Thermodynamics Checking point
Energy C
GafeEsrmation Are we minimizing energy loss?

4 A

E ” /Energy
= emd?

v ENERGY
LOSS:
Inefficiency

Are we minimizing waste?

ENERGY INPUT: Total Energy
Consumption



Do we know our buildings?

@PUGET SOUND ENERGY  Account Number: 200012345678

DUE DATE August 4, 2018
@ Important Information pse.com f YyeevHVY a TOTA'- DUE ““.“
Js E“."ng?% AVE S, Bell Your Account Summary
: ! Previous C :
Amount of Your Last Bill(dated 6/13/2018) $  137.78 39%
Payment received 7/3/2018 — Thank you! -137.78
Your Usage Information e M $ R
Current Charges:
# Electric # Electric Charges s 103.95 22%
w ~=- Temperstue % Natural Gas Charges 61.69
. o Total Current Charges $ 165.64
E - TTT 7T - i Total includos curront and pest dua charges Total $ 165.64
E " SE - -
g ,,3 Late Payments | A late payment fee of 1% per month will apply to past due
2 2 charges, if any, and amounts unpaid more than 10 business days after the
¢ UL AUG SEP OCT NOV DEC JAN FEB MAR APRMAY JUN UL N m;?wm,r‘“::hm CE
Last Year TMsan
Average dally kilowatts 19.67 32.81
Average dally cost s2.07 $3.25 Monthly Energy Tip
Days in billing cycle 30 32 Save money and stay cool this summer. Add insulation to make your
Average temperature 66°F 66°F home more energy efficient throughout the year.
@ Natural Gas .
* | How to reach us
> 8 (o€ n .
3 . ———— :w_ ; & Email: customercare@pse.com
t . - £ Customer Service: 1-888-225-5773 TTY: 1-800-862-9498
! g Hours: 7:30 am. - 6:30 pm.M-F TRS: 1-866-831-5161
g 2 I I W 2 Puget Sound Energy: P.O. Box 91269, Bellevue, WA 98009
0 mm, = 24 Hour Emergency and Outage line: 1-888-225-5773

.IJL AUG&FOC‘I‘NOVDEC JAN FEB MARAPR MAY JUN .lJL

207
Last Year TIIlIY.Ir ‘
Average daily therms 073 1.46 ™Y
Average dally cost $1.21 $1.93 (o]
Days in billing cydle 30 32

Average temperature 66°F 66°F



echnological Evolution
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What is
Building
Energy

Model

and
CFD?

BUILDING
ENERGY
MODELING

The practice of using
computer-based
simulation software to
perform a detailed
analysis of energy
use and energy-using
systems

COMPUTATIONAL
FLUID DYANMICS
(CFD)




Modeling Capabilities

TYPICAL TIME (FEE) SPEND WITHIN THE PHASES OF THE DESIGN PROCESS

BUSINESS AS USUAL

Business as usual vs energy modeling

PREDESIGN / CONCEPT
PROJECT BRIEF

ENERGY MODELING

w
o
=z
>
<
("]

CAMPUS + DISTRICT ENERGY
PLANNING

CLEAN BUILDINGS STANDARD
COMPLIANCE

=

ENERGY ANALYSIS

CARBON + ENERGY PLANNING

COMPUTATIONAL FLUID DYNAMICS
(CFD)

GREEN BUILDING RATING SYSTEM
CERTIFICATION

CODE COMPLIANCE

DEEP ENERGY + CARBON RETROFITS



Why You Should Consider Modeling

Energy Modeling Enables a Cycle of Benefits Agg ressive ta rgets and code
Throughout the Design Process

~ Smart and efficient decisions

@ RESEAHGH \Ii
r-f!;_m,,:g-.___ Reduced Operating and Cost
. STRATEGIZE : :
@ & ¢ Deeper knowledge of building design
BRAINSTGHM?:‘I.:
“‘!” Sustainable Design and Solution
TEST :

L
--------

Working together




Definition of a Model

% ume



Available Models and Tools

Wire to Water Energy Calculator

REQUIRED DATA PUMP 1 PUMP 2
Pump Operation - Hours / Day o ]
Pumg Operation - Days / Year 365) 365
Pueg Flaw - GEM 1000] 1000]
Puma Head - Feet 28] 28|
Pump Efficiency - % [T %)
Motor Efficlency - % 54,1%)| B7.5%|
Erergy Costin §0WH 50010 50,10
RESULTS

BHP At Dasign Point 78 30.0
Wire 1o Water Effcienty - % 75%) £5%|
Anmual Energy Cost 56,450 28] 57 ATH.00
W Per 1000 Gallans Pumped 0367 0.427
Cost Per 1000 Gallons Pumped $0.037 #0043
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Mote: When comparing two pumps,
place the lower efficiency pump/mator

in the Pump 2 columa,

PAYBACK

Annual Savings - 55 5104573
AnRuBl Savings - % 13.99%
Cost of Pump 1 55,000.00
Cost of Pump 2 57,200.00
Paybach - Years 1.7
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Limitation and Challenges

High accuracy
High precision

«"9"'0

I e 1% Oy _-Pumps, 34.0, 6%
il / - Interior Lighting,

I Interior Local Fans, 39.1,6%
44,1% — Exterior Lighting,

° \ 33.2,5%

I Spalcse 3toao’lém;.,-— Receptacle
i “._Equipment, 9.5,

2%

I Service Water

_Elevators &
Escalators, 26.2,
4%

Heating, 58.4,
10%

.
" Other Process,
139.0,23%

Space Heating,
235.3,39%
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mInterior Lighting  Exterior Lighting. = Receptacle Equipment = Elevators & Escalators
=Other Process = Space Heating m Service Water Heating W Space Cooling

= Heat Rejection W interior Central Fans W Interior Local Fans W Exhaust Fans

YT —————

© aun s —r—— 32 m Process Fans = Pumps = Solar Generation
| & A e v

o P Y T I e——— T




High accuracy
Low precision

Low accuracy
Low precision

Accuracy

Energy Models

Energy Plus

Open Studio
eQuest

Energy Management
Software

Building Automation
Systems

Retrofit Analysis
Software

IES-VE

Precision

High accuracy
High precision

Low accuracy
High precision



Sample: School District

Objective H

Develop energy management plan to meet clean
building standards and decarbonization goals

@ﬂ umc



Middle School

Olympic

High accuracy and [sJ{:Id0e]y

<4% Error
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The
Importance

d of Breaking

Barriers
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Power management
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6-W LED
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30-W laptop
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ENRERGY MODEL - Mini-Dome

GYM HP — i h i k ff
forue | s | oo ETER Lighting Take-o
& HEATING
Seq.# Building Location Existing Existing
Fixture Type Fixture
= El = - | Quanti -
Entry |Mercury Vapor Canopy Light 100w 18
1133|Mini Dome Entry T8 Prismatic Troffer 1x4 (2) 4' Lamps 2
1134|Mini Dome Hallway T8 Surface Mounted Parabolic Fixture 1x4 (2) 4' Lamps 2
1135|Mini Dome Custodian T8 Wrap Fixture 1x4 (2) &' Lamps 2
— 1136|Mini Dome Storage 905 | T8 Wrap Fixture 1x4 (2) 4' Lamps 3
1137|Mini Dome Mens Restroom T8 Surface Mounted Parabolic Fisture 154 (2) 4' Lamps s
1138|Mini Come Womens Restroom _|T8 Surface Mounted Parabolic Fixture 1x4 (2) 4' Lamps 5
1135|Mini Dome c 78 Surface Mounted Parabolic Fixture 1xd (2) 4' Lamps 8
1140|Mini Dome c ions Hallway T8 Surface Mounted Parabolic Fisture 1x4 (2) 4' Lamps 2
1141|Mini Dome |Main Gym T8 Highbay Fixture 2x4 (6} 4' Lamps 68
1142|Mini Dome Main Gy T8 Surface Mounted Parabolic Fixture 1x4 (2) 4' Lamps 15
1143|Mini Dome Poolside Hallway __|T8 Surface Mounted Parabolic Fixture 1x4 (2) 4' Lamps 22
1144|Mini Dome Poolside Hallway __|T8 Surface Mounted Parabolic Fixture 2x2 (2) U Bend Lamps 1
Poolside 927
1145(Mini Dome Classroom T8 Wrap Fixture 1xd (2) 4' Lamps 20
ohti : 7 ume
Lighting Audit .
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Natatorium Design Guide

Natatorium Design Conditions

*  Dry Bulb Temperature: 75°F-85°F

* Relative humidity: 50%-60%

* Pool water temperature: ~80°F

* Ventilation: ASHRAE 62.1-Pool spaces
* Supply air: 6-8 Air changes

* Chloramines and corrosion

ER =0.1x A x AF (Pw - Pdp)

ER = evaporation Rate of water, Ib/h

A = area of pool water surface, ft?

AF = Activity Factor (see Table 2)

Pw = saturation vapor pressure at water
surface, in. Hg

Pdp = partial vapor pressure at room
dew point, in. Hg

| Elderly swim | 0.65
| Fitness club — Aquafit | 0.65
| Hotel | 0.8
| Institutional - School | 08-1.0
| Physical Therapy | 0.65
[ Public / YMCA | 1.0
| Residential | 0.5
| Swim Meet | 0.65
| Wave Pool | 1.56-2.0
| Whirlpool | 1.0

Radiant
Transfer Conduction

I 1 /-\_/9 Convection

Evaporation

b &

Conduction
L — ]
Pool Wall

Conduction

—

Pool Wall

Pool Floor

Pool Floor 0 {} 0

Conduction

DHW municipal cold water temperature (F)
70

60
50
40
30
20
10

0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

M Baseline (2015 SEC)

Pool AHU-1

Occupied
300 deg F

Occupancy
Shutdown
Zone Setpoint

50.7 deg

1

\i

735 deg F
——
€,

Override Button
Timer Reset

Shelton Pool

80.5 dea F




Computational Fluid Dynamics (CFD)

Node
Cell{~e v

Center Node
Cell Face Boundary
Boundary Face
Face j Edge
=

Cell
Simple 2D Mesh Simple 3D mesh
—<¢— Experiment
- | 3% CFD ’

Data Center Cooling

Velocity (m/s)
.44

-0.36
=027

Eu‘u

- 0.089

koo

% SIMSCALE

Tunnel Ventilation

Thermal Comfort Contaminant Control

% ume



PPD ()

100
936667
873334
81
74,6667
623333
62
55,6667
49333
43
36,6667
303333
2

17.6667

113333

Time 1000.00000 (1000)

@ umc



Breaking
Barriers

DIVERSITY

EDUCATION

COLLABORATION



Linking Buildings
to Place




Dally Max Temperature (°F)

Climate Change

present

@ 2035

2065

2090




Same Building, Different Location

Load Summary (ton)
350.0

300.0

250.0
200.0
150.0
100.0
50. I
0

Seattle Austin Miami New York

o

o

B Cooling M Heating
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izing

Overs
@ UPC Appendix A Design (Standard Practice)

$ UPC Appendix M Design

Comparing Design Predictions to Actual Peak Flow Rates
@ Peak Flow Rate Observed (99th Percentile)
® @

Peak Hot Water Flow Rates in Multifamily Buildings

8 8 8 R 8 8 8 8 R 2 ° Yy
anuipy Jad suojes




Importance of Topography

Initial Load Calculation of ~500-ton Cooling

PROBLEM SOLUTION

* The project does not have enough Implemented shading analysis
roof space for bigger chillers + Peak of peak: 490 ton

» Traditional load calculation tool is + Building Peak: 450 ton
not able to consider shading effect
accurately

 Initial load is peak of peaks, not
building peaks




Importance of Community Engagement

V- —
v_ E
< =
=

Behavioral Data Collection and Long-Term Planning
Changes Validation



Energy Use Intensity (kbtu/sf/yr)

27.00
26.00

25.00
s 0

24.00 g .
o

@O

& Sensitivity
o e e e e Analysis for New
" construction

25.0

23.0 e d e
21.0
19.0

17.0

15.0
Lighting Equipment DHW Heating All
Setpoint




Data Collection

Schools Baseline Schedule
School A Damper Schedule: 6 am — 9 pm

School Hours
Heating occ./unocc.: 69°F/66°F

Cooling occ./unocc.: 72°F/80°F School Hours
School B Damper Schedule: 4 am — 6 pm School starts at 8:00 am and ends at 2:35 pm

Heating occ./unocc.: 69°F/66°F Office Hours

Cooling occ./unocc.: 72°F/80°F Office hours during the school year are 7:30 am until 3:30 pm.
School C Damper Schedule: 4 am — 6 pm ‘ _ ' _

Friday Early Release for Professional Learning Time

Heating occ./unocc.: 69°F/66°F School starts at 8:00 and ends at 1:.05

Cooling occ./unocc.: 74°F/80°F
School D TrireE SRR 4 i = B i Early Release - 3 Hours (Conferences and other days)

School starts at 8:00 and ends at 11:35

Heating occ./unocc.: 69°F/66°F

Cooling occ./unocc.: 72°F/80°F
School E Damper Schedule: 6 am — 9 pm

Late start for inclement weather (2 hour late start)
School starts at 10:00 and ends at 2:35

Heating occ./unocc.: 69°F/66°F
Cooling occ./unocc.: 72°F/80°F




Evaluating EEM Sample

Energy Use Intensity (KBTU/sf/yr)

Target EUI, 49

»

O ™ \e)
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70
60
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20
10

Energy Use Intensity (KBTU/sf/yr)

Target EUI, 49

9 © % 2
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Energy Use Intensity (KBTU/sf/yr)

60

50

40

30

20

10

60
Target EUI, 48

50

40

30

20

10
T T T T 0

RCM4 RCM1 RCM5 RCMS

Baseline

Energy Use Intensity (KBTU/sf/yr)

Target EUI

80

60

40
20

Energy Use Intensity (KBTU/sf/yr)

140
120

¢

%"’&

e
&
QS‘

&

»°

Target EUI, 60.1

o
&
Ko

140
120

oy

RCM 1 — Lighting Upgrades

RCM 2.1 — Boiler Replacements

RCM 2.3 — AHU Heating Coil Valve and Pump
RCM 2.4 — Heating Water Piping Replacement
RCM 4 — BAS Optimization

RCM 5 — Mechanical Equipment Replacement
RCM 6 — BAS Upgrades

RCM 8 — Building Submetering

RCM 9 — Destratification Fans

RCM 10 — Pool Evaporation Control

% ume



Mini Dome
B  140.0 62.2 kBtu/sflyr

Energy Use Intensity p,,p0ced model

Electricity

Space Cooling

- Services Water Heating

Exterior Lighting

- Fans Inlerior

Pumps

_ Interior Lighting

Receptacle Equipment

Heat Rejection

Space Heating

BASELINE

Interior Local Fans,

Exhaust Fans, ~_Process Fans, _Interior Lighting,

48.9, 1% 1787,2% ~ 264.7,3% 432.1, 5%
% Exterior Lighting,
Interior Central Fans, g N 25.7, 0%
341.1,4% .

~~ Receptacle
“~._Equipment, 361.2,

Heat Rejection, 19.6, - 5%

0%

Service Water/

Heating, 1418.3,
18%

\Space Heating,

4616.8, 58%
Exhaust Fans, 34.0,0.9%  Process Fans, 264.7,7.4% pumps, 44.1, 1.2% _Interior Lighting,
~ . A
Interior Local Fans, - 113.6,3.2%
25.9,0.7% T ~——__ Exterior Lighting,

Interior Central 25.7,0.7%
Fans, 141.1,3.9% ~ Receptacle
Heat Rejection,

“~_Equipment, 361.2,
12.1,0.3% 10.1%
Space Coolinge,/

190.2, 5.3%

'\“.,Space Heating,
972.2,27.1%

Service Water Heating,
1405.9, 39.2% -




Role of Building Energy Modeling

Quantitative Analysis: Enhancing
Building E Perf nce

Building energy modeling provides a
quantitative analysis of how different design
decisions will impact the energy performance
of the building.

It can inform the decision-making process
and facilitate discussions with stakeholders.

% ume



Method 1 | ENERGY MODEL

~S 62,000 Hours spent

300 hours
~ 60 hours per

Scope school

Model 5 buildings

Develop Energy Management Plan for CBS compliance /
Decarbonization

Prioritize investment to meet EUI goals

Built energy model for any future studies / upgrades

Method2| SPREADSHEET (EST)

ROM hours to estimate energy savings
40 hours

Estimated hours for 30 measures
1200 hours
$250,000

Cost underestimate
ROM hours of 40 hours to develop spreadsheet for
each measure is probably underestimated.

Single-use
Because projects vary, spreadsheet must adapt, and
the time spent developing them can increase.

Unreliable
Accuracy is not guaranteed.

% umc




Conclusion

Technological

evolution of
models

Importance
attribute for a
model — accuracy

A good model
offers more than
accurate prediction

 breaking barriers
* linking buildings to
place

« connecting with
community



Questions? Let’s Connect!

David Park, ph.D, PE, CEM, BEMP
dipark@umci.com | [[§} davidipark

Every. Single. Energy savings. Matters! David couples analysis
with energy audits to identify energy efficiency measures (EEMs)
that are cost effective for owners’ business goals. Driven to make
a significant impact towards carbon reduction and sustainability,
David enjoys studying and analyzing how building energy
reduces utility and operational costs, making it a great
investment for the future.

Hailee Hammerquist, LEED Green Associate

hhammerquist@umci.com |ffi) hailee-hammerquist

Hailee is detail oriented, organized, and passionate about
sustainable design. She loves tackling the complexity of our
projects to ensure all the pieces fit efficiently together inside
high-performing exteriors. Coming from West Virginia, Hailee is
excited to experience all the outdoor adventures that the Seattle
area has to offer. She spends her time off the clock outside
hiking in the summer and hitting the slopes in the winter.
% ume



We Love a Good Puzzle

PRECONSTRUCTION / SOLUTION
DEVELOPMENT

17~

ENERGY + ENVIRONMENT

BUILD

MANUFACTURING

A
e
( N ] I
FACILITY SERVICES BUILDING ANALYSIS +
MODELING
—_— see
—— 000
AL

BUILDING AUTOMATION



Diversity, Equity & Inclusion (DEI)

MISSION + VISION

UMC'’s DEI mission is to foster a culture that welcomes a diverse group of skills, perspectives,
and experiences—and empowers individuals to succeed and grow.

We are committed to creating a workplace where everyone feels safe, seen, valued, and heard.

THIS INCLUDES

Dedicating resources to
ensure UMC is a safe
place for all.

Establishing core actions
and policies to retain talent.

Supporting diverse trade
partners and vendors so
they can thrive.

Evaluating pay equity and
promotion velocity data
within UMC.

UMC DEI COMMITTEE

Providing education
opportunities around
unconscious bias.

Continuous monitoring of the
health of our DEI culture.




